Recebido em 22/12/97; aceito em 25/9/98 This paper reports the results of a three-year study of the effectiveness of mini-projects in a first year laboratory course in chemistry at a Scottish university. A mini-project is a short, practical problem which requires for its solution the application of the knowledge and skills developed in previously completed set experiments. A number of recommendations have been made about the most appropriate ways of introducing mini-projects into undergraduate laboratory course. The main hypothesis of this survey was concerned with the value of mini-projects in laboratory courses formulated within the context of Information Processing Theory.
INTRODUCTION
We found the learning model shown in F igure 1 to be helpful in designing effective teaching/learning experiences 1 . There are three important features of this model; the selection system (perceptual filter), the working space or working memory and the long-term memory (L.T.M.) 2 . In any learning experience what the perceptual filter identifies or perceives as being familiar or unfamiliar, important or unimportant depends on information that is stored in the L.T.M. Information that passes through the filter enters the working space where it is interpreted or interacts with additional information that is retrieved from L.T.M. After the information that has been selected by the perceptual filter has been considered or thought about in the working space, new information may be stored in the L.T.M. and/or we may react by making a verbal or physical response.
mind. Problem-solving ability also depends upon knowledge and experience laid down in a branched and interlinked network so that insights can be gained from many angles. In the laboratory mini-projects can be designed to encourage such thinking. A mini-project is a problem which has to be solved in the laboratory by applying the theory and manual skills learnt from recently completed set experiments. The mini-project can be designed as a half-hour project or as a project that requires a few hours for its solution. The students are required to plan, carry out and interpret the experiment. They are encouraged to explore the knowledge in their L.T.M.'s and to explore ideas laterally in order to find a practical solution to the problem. This paper reports the result of a three-year study of the effectiveness of mini-projects in an undergraduate laboratory course.
FIRST YEAR (PRELIMINARY STUDY)
The mini-projects were introduced into a first year undergraduate laboratory course in chemistry at a Scottish university. The course of six experiments is described in Figure 2 . Most of the students (about 85 %) attending the course had studied chemistry at school either at the level of Higher Grade (HG) or in Sixth Year Studies course (SYS). During the first year of our investigation mini-projects were attempted only by students attending the Friday session of the course (N=80). Students attending this session were asked to attempt a mini-project at the end of some of the set experiments. The mini-project was a practical problem that had to be solved using the laboratory techniques and chemistry underpinning the set experiments. Normally no more than about one-hour was required to complete the project. Only a few projects were used in this preliminary study. Examples of two of them are given in appendix 1. Students had to plan how they intend to solve the problem and to list the necessary apparatus and chemicals. Once the plan was completed it had to be shown to a staff member who checked it for safety only before the student commenced the experimental investigation. On completing the project students were required to list all their observations, results and conclusions. The worksheet used for a mini-project is shown in appendix 2.
The students' attitudes to the mini-projects were evaluated Deep, meaningful learning occurs when new information is stored in L.T.M. by connecting it to existing information to form a branched network 3 . The stored information will then be more readily available for use at a later time. A way of promoting such efficient storage is to encourage students to reexamine a learning outcome and to think about different ways of using the newly learnt information or skill. Kempa and Nicholls 4 showed that students performance was clearly related to the degree of concept interlinking existing in the students' by a questionnaire. Part of it was very similar to the questionnaire used in the final (third) year of the research. The final version of the questionnaire is shown in appendix 3. Students' responses to each item in this questionnaire were assessed by considering only their positive (strongly agree and agree) and negative (strongly disagree and disagree) responses and ignoring their neutral responses. For each item, the negative response were subtracted from the positive response and this difference was expressed as a percentage to give a net response called the percentage difference. However, the statistic significance was calculated using the chi-square (χ 2 ) using the five options of the scale and the difference between positive and negative response was used to show the tendency of the results in a clearer way. Table 1 reports the percentage differences in the responses to the items shown in appendix 3 for students involved in this preliminary study. It is clear from table 1 that students generally had a positive attitude to the introduction of mini-projects. The results of this study encourage us to expand the use of these projects in the second year of our investigation of the laboratory course.
SECOND YEAR (MAIN STUDY)
Four different programmes of laboratory work were organised in the second year in order to evaluate various features of the chemistry laboratory course. These programmes are summarised in Table 2 . The labels CTL, PLW, MP and PP were used to identify the different programmes. There were two "control groups" (CTL); two of the groups (PLW and PP) were required to do prelab work, and two of groups of the course (MP and PP) required students to attempt mini-projects. This paper is concerned only with the value of the mini-projects.
Students attending the MP and PP courses were required to attempt a mini-project at the end of each of the set experiments. Some additional projects were devised for this second year so that there were at least two mini-projects associated with each experiment. Two of these new projects were given in appendix 1. Once again students were not expected to spend more than about one hour on a project and they were required to have their plans checked for safety before attempting the experiment. The worksheet used by the students was the same as that used in the previous year (see appendix 2).
The evaluation data which were useful in assessing the students' views about mini-projects are described below.
MINI-PROJECT QUESTIONNAIRE
Percentage differences for the student responses to the items in the mini-project questionnaire were determined as in the preliminary study. These differences are reported in table 1 for both the MP and PP courses. There was an indication from the students' responses to items 1A, 1B and 1D that many students recognised some benefits in attempting miniprojects. Clearly, however, judging from their responses to item 2, many students did not have an overall positive attitude towards mini-projects. This conclusion was confirmed by the students' responses in another part of the questionnaire where a number of them indicated they found the mini-projects difficult and they did not enjoy doing them. In searching for feasible explanation for the attitude difference between students attempting the mini-projects the previous year and students attending the MP and PP courses, the following factors were considered significant.
(1) -In the first (preliminary) year fewer mini-projects were introduced compared with the number used in the second year. This meant that in the preliminary study not all students were required to do a mini-project. Volunteers were used to try out preliminary drafts of mini-projects. Mini-projects may have therefore been seen as less of a burden in the first year of our investigation. (2) -The demonstrators kept diaries where they recorded their impressions about various features of the laboratory course. They noted that students had far less difficulty in coping with the set experiments in the second year than did the students in the preliminary study because of the improvements made in the design of the course before the second year. Furthermore, demonstrators complained about students' "lack of ingenuity" in attempting the miniprojects in the first year of the investigation. These comments suggest that the demonstrators may have given students more assistance with the mini-projects in the first year compared with the help given in the second year. (4) -It was clear from students' comments during their attendance at the MP and PP courses that they considered the mini-projects an "extra piece of work" because (i) -the projects were administrated at the end of each experiment on a separate worksheet, and (ii) -students attending the CTL and PLW courses were not required to attempt mini-projects Indeed some students, near the end of a laboratory session, Note: (♣) On this item the difference in the responses between the MP (PP) course and the PMP course was statistically significant at the level given in the parenthesis.
asked for a mini-project worksheet so that they could take it home for study before attempting the project in the next laboratory period. These students apparently treated the miniprojects as "homework".
POST-QUESTIONNAIRE
At the end of their laboratory course (CTL, PLW, MP and PP courses) students were asked to complete a questionnaire which was used to assess their attitudes towards the course they attended and to assess their views about individual experiments. The students' attitudes to a course were determined from their responses to the semantic differentials shown in Table 3 . In the post-questionnaire the words or phrases comprising each semantic differential were separated by a 5-point rating scale. Hence the students' responses were assessed in the same way as their responses to the miniproject questionnaire by subtracting the negative response form the positive responses to obtain a percentage difference. Table 3 shows the percentage differences for the CTL, MP and PP courses. The data in table 3 indicate that there are no outstanding differences between the students' attitudes towards the different courses. In fact, on each of the nine semantic differential scales, there was no statistically significant difference in the response when comparing the CTL courses with either the MP or PP course. Apparently the students' attitude towards the MP and PP course as a whole were not affected too adversely by any negative views they held about mini-projects.
THIRD YEAR (PMP COURSE)
It was clear from the results of the second year of our research that changes were necessary in the way students were introduced to mini-projects. On the basis of all the evaluation data the following changes were made before the final (third) year of our investigation. 1 -Two experiments were omitted from the course. The omission of these experiments allowed more time for the other set experiments and the mini-projects. 2 -Students were not allowed to attempt a mini-project until they had completed successfully at least three of the set experiments. This change allowed the students more time to become familiar with the laboratory organisation and more time to develop confidence in their practical skill before they were expected to plan and carry out their own experiments. 3 -More mini-projects were devised so that in this final year there were seventeen projects. Examples of some of these new projects are shown in appendix 1. 4 -although a separate worksheet was still used for a miniproject, information about mini-projects was included in the laboratory manual. It was made very clear to the students that the mini-projects were an integral part of the laboratory programme and not an "additional piece of work". 5 -Not all the students were required to attempt a miniproject. Students who were less experienced or less competent in the laboratory were allowed to spend extra Note: (♣) On this scale the difference in the response between the CTL and PMP courses was statistically significant at the level given in the parenthesis.
time in mastering the chemistry and techniques involved in the set experiments without being penalised if they did not attempt a mini-project. Indeed at the start of the course it was made clear to all the students that it was not necessary to complete all the experiments and a miniproject, but they should try to complete successfully each experiment they attempted. The complete design of the laboratory programme in the final (third) year of our research is shown in figure 2 . All the 525 students enrolled in the first year laboratory course followed this programme. For ease of reference in this paper the programme is referred to as the PMP course.
Students' responses to the mini-project questionnaire reported in table 1 show that the changes made in this third year were effective in improving students' attitudes towards mini-projects. Table 1 shows the statistically significant differences (chi-square test) between the responses for the PMP and MP courses and between the responses for the PMP and PP courses. Each of the significant differences was in favour of the latest design, the PMP course.
The students' response to the attitude scales in the postquestionnaire provided further confirmation that all the changes made in this third year were a significant improvement. As table 3 shows students had a more favourable attitude toward the PMP course compared with the students' attitude in the previous year towards the "control" (CTL) course. On eight of nine semantic differential scales in table 3 the differences between PMP and CTL course were in favour of the PMP course. As noted in table 3, four of these eight differences were statistically significant (chi-square test). In fact all the evaluation data from this three-year study confirmed the conclusion that the PMP course, the final version of the first year laboratory programme, was the most effective of all the programmes offered during our research.
CONCLUSION
This paper has reported an evaluation, spanning a period of three years, of the use of mini-projects in a first year undergraduate laboratory course in chemistry. The recommendations about mini-projects listed below have been proposed on the basis of this lengthy evaluation. Recommendation 1. There should be a large number of mini-projects so that a student feels that his/her project is not like another compulsory experiment but a practical problem which he/she has to solve using his/ her resources.
It is important that a student has the opportunity to experience a feeling of "pride of ownership" in the solution to the practical problem. In this way the student's self-esteem and self-confidence is likely to be enhanced. Recommendation 2. The solution to a mini-project should require the student to apply chemical knowledge and laboratory techniques that were used in recently completed experiments. Forcing students to re-examine and re-apply new skills and encouraging them to link any new knowledge with existing relevant knowledge in L.T.M. should promote more meaningful learning. Recommendation 3. The requirement for a student to attempt a mini-project should be delayed until the student has acquired a reasonable level of competence and confidence in the laboratory. Accordingly, the first stage of the laboratory programme should be devoted entirely to training in the laboratory techniques and the students should have the opportunity to complete successfully several set (compulsory) experiments before attempting a mini-project. Recommendation 4. It should be made very clear to students that the mini-projects are an integral part of the course and not an addition to the "normal" programme. The sound educational reasons for having mini-projects in a laboratory course should be explained in the manual. It should be stated in the manual that the aims of mini-projects are to provide the following opportunities; i -to apply the knowledge and skills developed in the set experiments to solve a practical problem, ii -to design and carry out your own experiment, and iii -to reinforce the learning of the knowledge and skills developed in earlier experiments. iv -to the students to work at their own pace.
We are convinced that the nature of practical problem solving is different from that of problem solving on paper. Attempting a mini-project in the laboratory often provides an opportunity for the problem solver to test whether or not his/ her plan is a correct solution whereas written attempts to a paper and pencil problem do not provide the same opportunity.
APPENDIX 2 -WORKSHEET FOR A MINI-PROJECT (SIZE A4)
PRACTICAL PROBLEM SOLVING NAME:
Bench No. This is a problem to be solved by practical means using some of the chemistry and techniques you have experienced today. You should plan how to solve it and list below the apparatus and chemicals you need to do it. 
